We propose a new gauge field theory which is an extension of ordinary string field theory by assembling multiple state spaces of the bosonic string. The theory includes higher spin fields in its massless spectrum together with the infinite tower of massive fields. From the theory, we can easily extract the minimal gauge invariant quadratic action for tensor fields with any symmetry. As examples, we explicitly derive the gauge invariant actions for some simple mixed symmetric tensor fields. We also construct covariantly gauge-fixed action by extending the method developed for string field theory.
Introduction
String theory can be considered as an ultraviolet completion of spin one gauge theory (open string) or spin two gravity (closed string). Then a natural question is what is a UV completion of higher spin gauge theory. Quantum consistency of the string theory requires the highest spin of the massless mode to be one for open string and two for closed string. Therefore we have to somehow extend the theory in order to adapt it to massless higher spin fields with keeping the consistency of the theory. Constructing such a theory with interaction is not an easy task to complete in every detail. For a free theory level, however, we can systematically construct a class of theories which contain massless higher spin fields as well as massive tower in their spectrum and are invariant under higher spin gauge symmetry.
The purpose of the present paper is to give an extended string-like field theory whose massless mode can have spin higher than two. Our main idea is to consider a multiple tensor product of open string Hilbert spaces as a basis of field space, just like the closed string field basis is a double. For example if we start from n copies of open bosonic string Hilbert space with an appropriate set of conditions, then we obtain a bosonic extended string field theory with massless spin n fields and many other massive fields whose spin J and mass M satisfy the relationà la Regge behavior
where ℓ is a length parameter and is related to the open string slope parameter as α ′ = ℓ 2 /2. To clarify this point more precisely, however, we have to incorporate with the interaction, which will be our next task. In the present paper, we only focus on the free theory as a first step.
The state density for each mass level is ρ(M)
The model is also useful for extracting the actions for higher spin gauge fields. We can construct not only gauge invariant free action but also gauge fixed free action systematically utilizing the method developed previously for the open and closed string field theories.
The minimal set of fields which describe a given representation of higher rank tensor is systematically identified in the extended string field level. This paper is organized as follows. In the next section we construct an extended string field theory upon the state space of n-tensored version of those for open bosonic string field theory. Both gauge invariant and covariantly gauge-fixed quadratic actions are given there in an analogous way to the string field theory [1, 2] . Also minimal gauge invariant set of fields [3] are given systematically in the extended string field level. In section 3, we will focus on the massless sector of the model in detail. And some example higher spin gauge field actions extracted from the general action are shown in section 4. The final section will be devoted to the discussions. In Appendix A and B, we collect basic properties of the state space and define projection operators which are necessary for understanding the gauge fixing and the actions.
Note added : In the course of writing the manuscript, we became aware of a pioneering paper [4] in which the ideas overlapping with us were used. They construct the free gauge fixed action in Feynman-Siegel gauge, while we construct the one in more general covariant gauge including Feynman-Siegel gauge as well as Landau gauge. Also we give a systematic construction of the minimal action, which largely simplifies procedures of extracting a necessary set of component fields for a given higher-spin representation.
Extended string field theory
In this section, we formulate the new extended string field theory by assembling n copies of state space of bosonic open string and give a class of gauge fixed actions. We also give the minimal action which is obtained by eliminating the auxiliary fields part from the original action.
State space and inner product
We first provide n copies of open string state space for momentum p and take the direct product of them as
Here each H (i) (p) (i = 1, · · · , n) consists of α 
The state |0, p
M denotes the matter ground state of momentum p and |0
g the ghost conformal vacuum respectively. Note that the detailed basic properties of open string state space H(p) are collected in Appendix A. We then restrict the space H n (p) by imposing the conditions on |f n ∈ H n as (b
0 is given by
where N (i) counts the level of the H (i) part of the state |f n . The resulting restricted space, which we describe as H ′ n , is the Hilbert space on which we define our extended string field theory. Note that the space H ′ n for n = 1 and n = 2 correspond to the Hilbert spaces for open and closed string field theory respectively. Also in these cases, the scale parameter ℓ introduced in eq. (5) is related to the slope factor as ℓ = √ 2α ′ for n = 1 and ℓ = α ′ /2 for n = 2. From the conditions (4), the operation of b 
on the space H ′ n . Note that each H (i) part of any |f n ∈ H n (or H ′ n ) has the same level N and we call this N as the level of the state |f n .
As for the usual open or closed string Hilbert space, we can define the non-degenerate inner product for states |f n , |g n ∈ H ′ n by
with the relation 0, p|c
Here, bpz(f n )| ≡ bpz(|f n ) denotes the BPZ conjugate of |f n . It is related to the Hermitian conjugate f | of |f by bpz(|f (p) )= ǫ f f (−p)| with ǫ f = ±1. The sign of ǫ f is explicitly determined by the rules of the BPZ conjugation: bpz(|0 ) = 0|, bpz(
where |α| and |β| are the Grassmann parity of α and β. Also,
where each |0, p (i) is given by eq.(3). The coefficient i n(n−1)/2 in front of the right-hand side of eq. (8) is needed for consistency with the hermitian property of the left-hand side since 0, p|c
Note that the space H ′ n is divided into two spacesF n andc 0Fn as
andF n is the set of states of the form
For two states inF n written as
the following relation
is satisfied. Here
The relation eq. (15) is useful for dealing with the action given in the following sections since the right-hand side of this relation can be calculated straightforwardly by the relation
derived from eq.(8) with the commutation relation of the oscillators.
On the space H ′ n , we also define the extended BRST operator Q n as the sum of n corresponding open string operators
. Thus, Q n can be written on
where L 0 and b 0 on H ′ n are respectively given by L (i) 0 and b
0 for any i as we have mentioned in eq. (6) . We also define the following operators
on H n . Here, M z is the operator which counts the half of the ghost number of non-zero mode
, and the relation to the ghost number operator is given by G =Ĝ +c 0 b 0 + n on H 
Furthermore, if we divide the spaceF n by the non-zero mode part of the ghost numberĜ as
Fĝ n and F −ĝ n are isomorphic to each other and we can define the operator Wĝ which is considered as the inverse of Mĝ on the space F ±ĝ n : For any |fĝ ∈Fĝ n or |f
Explicitly, Wĝ is represented by using M and M − as
Gauge invariant and gauge fixed action
We have prepared the state space for our extended string field theory. Now we define the free action for any n by extending the string field theory action as
Here, Φ n is the extended 'string field' which is expanded by states |f k (p) ∈ H ′ n (p) with the corresponding coefficient fields ψf k (p) as
Note that Φ n has ghost number G = n and the Grassmann parity (−) n . Also, according to the division of the state space eq.(11), Φ n is divided into two parts Φ n = φ n +c 0 ω n where φ n = b 0c0 Φ n and ω n = b 0 Φ n . The non-zero mode part ghost numberĜ of φ n and ω n are respectively 0 and −1.
In order that the action S n is hermitian and has the correct sign factor, we should assign the appropriate hermiticity for each field ψf k (p): For a state |f k (p) which satisfy
the corresponding field ψf k (p) should have the property
Thus, if we fix the field ψf k (p) to be real, we should associate i in front of the field wheñ
If we take D = 26, the action eq. (25) is invariant under the gauge transformation
for any G = n − 1 extended string field Λ n with Grassmann parity (−) n−1 .
We will see the spectrum of Φ n for general n for D = 26. The lowest mass level (N = 0,
gives the tachyon field φ as the coefficient of the state
The next massless level (N = 1, M 2 = 0) gives the n-th rank tensor field A µ 1 ···µn as the coefficient of the state
with the lower rank n − 2k (k = 1, 2, · · · ) tensor fields given by the coefficients of the states including b . We will investigate the structure of the massless part of the action in detail in the next section.
There are also infinite tower of massive states with mass M 2 = 2(N −1)/ℓ 2 corresponding to the level N. In general, the number of physical degrees of freedom can be counted by the transverse oscillators thanks to the equivalence to the light-cone gauge, as is usual in string theory. Indeed we can construct the analogue of transverse DDF operators [6] which form the spectrum generating algebra. Also we can extend usual tree-level no-ghost theorem for n = 1, 2 to n > 2 cases, thereby this free theory is consistent quantum mechanically.
As is the case for open or closed string field theory action, the above gauge invariance given in eq. (29) is precisely fixed by the extension of Feynman-Siegel gauge [4, 7] or a- 
where the definition of P m is given in Appendix B. Note that if we take a = 0, O m a=0 = b 0 which gives the Feynman-Siegel gauge. Note also that we can extend the a-gauges to admit multiple number of gauge fixing parameters as in ref. [3] .
Minimal gauge invariant and gauge fixed action
As stated in the previous subsection, Φ n can be decomposed into two parts Φ n = φ n +c 0 ω n . φ n has a nontrivial kinetic term while ω n is an auxiliary field. In fact, gauge invariant action is also divided into two parts each of which is gauge invariant independently. Thus we can use a minimal set of fields collected into the extended string field φ n in order to obtain minimal gauge invariant action as discussed in ref. [1, 3] for the case of open string field theory. In concrete, the gauge invariant action S n is divided into the minimal action part S min n and the auxiliary field part S auxiliary n . The former minimal action part is given by
We may restrict φ n to satisfy Mφ n = 0 in this action since otherwise (L 0 +QW 1Q )φ n = 0 in any case. Note that if we use the projection operator 1 − P 0 which extracts the states satisfyingQφ n = 0, the above action can be represented as
The definition of P 0 is given in Appendix B.
This minimal action S min n is invariant under the gauge transformation δφ n =Qλ n (37)
We can fix this gauge invariance by taking generalized a-gauges and construct the corresponding gauge fixed action S n,{α} by the procedure parallel to the case of open string field theory as we discussed in ref. [3] . Here we only present the resulting gauge fixed action as follows. It is given by the sum of the gauge invariant action S min n and the (anti-)ghosts plus gauge fixing terms:
where
Here, W m is given by eq. (24), and P m and S k are certain projection operators defined in Appendix B. Also, φ 
) are arbitrary parameters distinguishing the gauge fixing conditions. For the 2k-th order (anti-)ghost field terms, we
] number of independent real parameters α
the floor function which gives the largest integer not greater than x. If we choose all the α k (−m+1,m+1) to be 1, the action becomes the one for the Feynman-Siegel gauge.
For each gauge, we can calculate the propagators from the gauge fixed action eq. (39) in a similar way for the n = 1 open string field theory case [5] . Note also that the action given in eq.(39) is invariant under the BRST and the anti-BRST transformations δ B andδ B satisfying the condition
For the detailed properties of the action eq.(39), consult ref. [5] .
Massless part of the minimal action
In this section, we in particular consider the massless part of the minimal action S min,N =1 n since it is a useful tool for obtaining simple gauge invariant actions for general higher spin fields expressed by higher rank tensor fields with various types of symmetry in a systematic manner. Furthremore, if we limit ourselves to the massless level N = 1 fields, the action is consistent not only for the spacetime dimensions D = 26, but for any D.
The operatorsQ, M, M − and M z for N = 1 are reduced tõ
and = dp
with 
Thus, for any choice of i m and j m for each q, the set of k l , i m and j m coincides with the set of n integers 1, · · · , n, i.e.,
We see that there appear tensors of rank r = n, n−2,
, and the lowest rank tensors are scalars (r = 0) for even n or vectors (r = 1) for odd n. As we have already mentioned in the previous section, among the above general form of φ N =1 n , only the terms that satisfy the condition Mφ N =1 n = 0 appear in the action. For example, the Mφ
part of the terms of rank r = n − 2 tensors in eq. (46) is given by
The gauge invariant action for N = 1 is given by
Unlike the general action, the above massless part of the action S min,N =1 n is invariant under the gauge transformation
not only for the spacetime dimension D = 26, but also for arbitrary D since the relatioñ
M N =1 is satisfied for general D. General form of the gauge parameter field is given by
with
where as in the case of eq.(46), the summation of indices j, i m , and j m are taken from 1 to n under the condition that all those indices are different values for each q. Then the values
are determined so as to satisfy k 1 < k 2 · · · < k n−2q−1 and 
Accordingly, other fields in φ
n=2 , and thus the action is divided into the two parts. Similarly, for general n, classification of the fields and the action is given by the symmetry of the n-th rank tensor A µ 1 µ 2 ···µn , which is explicitly specified by the Young diagrams of n boxes. For each Young diagram, we are able to choose an appropriate state as the basis of the corresponding tensor field of the symmetry. Such a basis state in general has the form 
and
where s denotes the index specifying the independent part of the action divided by the symmetry of the n-th rank tensor field represented by the Young diagram. Each φ N =1,(s) n includes one n-th rank tensor of a particular symmetry with some associated lower rank tensor fields in general. In this way, we can explicitly construct the gauge invariant action for n-th rank tensor field of arbitrary symmetry.
Examples of massless gauge invariant action
In this section, we will explicitly give some examples of gauge invariant actions for several simple Young diagrams following the procedures given in the previous section. In the following, we set the scale factor as ℓ = 1 and represent the oscillators in the abbreviated forms as α
4.1 n = 3 action 
Here and in the remainder of this subsection, the indices in parentheses including the character i are to be interpreted as mod 3 numbers.
(i) (ii) (iii) Figure 1 : Three types of Young diagrams for n = 3
Since there are three kinds of Young diagrams for n = 3 as depicted in fig.1 , the general third rank tensor field A µνρ is divided into three parts by symmetry. In fact, the third rank tensor part ofφ n=3 is divided into four independent parts since there are two independent bases for the diagram (ii) of fig.1 . This is explicitly given bỹ
Note that the two fields corresponding to the diagram (ii), A
(ii-1) (µν),ρ and A (ii-2)
[µν],ρ , are to satisfy the conditions
respectively. Based on the above classification of the highest third rank tensor field A µνρ for n = 3 theory, the classification of the lower rank tensor fields D 
where the fields D
respectively belong to the classes (i), (ii-1) and (ii-2).
Note that there is no D µ field assigned for (iii).
Gauge parameter extended string field λ n=3 for n = 3 consists of three independent second rank tensor fields λ 
For each of the classes (ii-1) and (ii-2), there are three type of gauge parameter fields:
symmetric and anti-symmetric 2nd rank tensors, and a scalar. Explicitly,
Finally, for the class (iii),
Now that we have prepared and classified all the fields and the gauge parameter fields for n = 3, we are able to write the gauge transformation for each field and construct the gauge invariant action explicitly. The explicit results will be given in the discussions of general n-rank tensor fields in the remainder of this section: The results for (i) and (iii) classes will be given in the next subsection 4.2 and the results for (ii-1) and (ii-2) classes will be given in subsection 4.3. Here, we only represent the explicit form of the Lagrangians with gauge transformations for the latter two classes (ii-1) and (ii-2), and give some comments on the relation between the two results which share the same Young diagram (ii). The result is
[µρ] + ∂ µ λ
[νρ] ,
[µν],ρ (δ
with δA
[µν],ρ = ∂ ρ λ
0 .
We can show that these two Lagrangians are equivalent to each other if we identify the fields as A
[µν],ρ = 1
and take into account the relations (64) and (65). In general, gauge invariant actions for a particular Young diagram are equivalent to one another even if the appearance is different.
Thus we have completed the classification and the analysis of the n = 3 theory. For more general n ≥ 4 cases, we can also classify the fields and gauge parameter fields according to the classification of Young diagrams of n boxes and construct the corresponding gauge invariant actions. Note that once the gauge invariant action is obtained, the gauge fixed action can also be constructed from the general one given in eq.(39), though we do not go into detail about that.
Totally symmetric and anti-symmetric tensor fields
We extract the totally symmetric or anti-symmetric n-th rank tensor field part from the general n theory and construct the corresponding gauge invariant action. Each of these two cases corresponds to either of the two simplest Young diagrams with n boxes of a single row or a single column. For each case, we will collect all the fields and the gauge parameter fields needed for constructing the gauge invariant action following the general procedure given previously.
For the symmetric tensor part, there is an (n−2)-th rank symmetric tensor field
other than the n-th rank symmetric tensor field A (µ 1 µ 2 ···µn) . These fields are collected in the
where the indices k r (r = 1, · · · , n − 2) is determined so as to satisfy k r < k s for r < s and n,sym , we need only one type of gauge parameter field λ (µ 1 µ 2 ···µ n−1 ) given bỹ
where again k r < k s for r < s and {k r , j} = {1, · · · , n} for each j.
Gauge transformation for the fields
The Lagrangian is obtained by substituting eq.(80) into eq.(49) and calculating the inner products explicitly. The result is
As we have expected, this Lagrangian exactly reproduces the so called 'triplet' action which is obtained by taking the tensionless (α ′ → ∞) limit of the open bosonic string field theory [3, 8, 9, 10, 11] . Note that this action contains not a triplet of fields, but only a doublet of A and D. This is because we start from the minimal action S min n which does not contain auxiliary extended string field b 0 Φ n from the beginning. The gauge fixed action can also be constructed from the general one given in eq. (40) and the result is the same as that given in ref. [3] .
Next, we consider the case of n-th rank anti-symmetric tensor part. In this case, there is no extra lower rank field involved in the original A [µ 1 µ 2 ···µn] field. Thus, the field in the form of the extended string field is
and the gauge parameter field has the form
where k r < k s for r < s and {k r , j} = {1, · · · , n} for each j. Gauge transformation is given by
The Lagrangian for the field A [µ 1 µ 2 ···µn] is then written as
Gauge fixed action for eq. (87) part are (n − m)-th rank anti-symmetric tensor fields. These structures naturally coincide with the known results of the gauge fixing problem for antisymmetric tensor field theory given in the literature [12] .
Finally, note that the gauge invariant and the gauge fixed actions for the anti-symmetric tensor field given above can also be deduced from the tensionless limit of the n = 1 minimal open string field theory action as is shown in ref. [3] . However, as we have seen, to obtain the same action, it is more straightforward to use our extended string field theory than to use the open string field theory. For more general mixed symmetric case, we see that it is a great advantage using our extended string field theory to obtain the consistent gauge invariant and gauge fixed actions since it is very complicated to extract the same actions from the tensionless limit of the open string field theory.
Simple mixed symmetric fields
We discuss the example of the two simplest n-th rank mixed symmetric tensor fields identified by the Young diagrams depicted in fig.2 . The action for the diagram (A) The n-th rank tensor field corresponding to the Young diagram (A) can be chosen to have the form A (µ 1 ···µ n−1 ),µn where only the first n − 1 indices are symmetric and the condition
is satisfied. Note that we can choose another form of tensor field for representing the same diagram. We chose this particular representation of the field given in eq.(89) since it is simple and easy for analyzing the action. As we have seen in the example of n = 3 case, we obtain the equivalent action if we start from the different representation of the field as long as we deal with the same Young diagram. In order to extract the gauge invariant action including the field A (µ 1 ···µ n−1 ),µn from the general action, we have to incorporate additional two types of (n−2)-th rank tensor fields D 
where again indices k, k ′ , l and l ′ are determined in order that each set {l 1 , · · · , l n−3 , i, j, n},
, i} coincides with the set of n integers {1, · · · , n} for any i or (i, j). Also, k r < k s for any r < s, and the similar relations hold for indices k ′ , l and l ′ .
For these fields, three types of gauge parameter fields are involved: two types of (n−1)-th rank tensor fields λ S (µ 1 ···µ n−1 ) and λ
, and a symmetric (n−3)-th rank tensor field λ S (µ 1 ···µ n−3 ) . Gauge transformation for each field in the coordinate representation becomes
The gauge invariant action can be calculated by substituting eq.(90) into eq.(49). After sim-plifying the result by performing some suitable partial integrations, the Lagrangian becomes
Note that for n = 3, this Lagrangian is reduced to the one given in eq.(73).
The action for the diagram (B)
The n-th rank tensor field corresponding to the diagram (B) can be taken as the form B [µ 1 ···µ n−1 ],µn which satisfies the condition
To construct the gauge invariant action for this field from the general action eq.(49), we have to include a totally anti-symmetric (n−2)-th rank tensor field E [µ 1 µ 2 ···µ n−2 ] . These two fields are collected in the form of the extended string field as
where k r or k ′ r are uniquely chosen for each i so that
, i} coincides with the set of n integers {1, · · · , n} with the condition k r < k s or k ′ r < k ′ s for r < s. For these fields, the following three types of gauge parameter fields are involved in the gauge transformation: two types of (n−1)-th rank tensor fields λ 
Then the gauge transformation for each field in the coordinate representation is given by 
Note that this Lagrangian is only nontrivial for D > n as a mixed symmetric field theory since the B field does not exist for D ≤ n − 2, and it is reduced to traceless second rank tensor field or vector field for D = n or D = n − 1. Note also that eq. (100) is reduced to the one given in eq.(76) for n = 3.
We can show that the above Lagrangian given in eq. (100) 
instead of the original B and E fields. The resulting Lagrangian can be written as
where the B ′ part becomes
while the totally antisymmetric tensor E ′ part becomes
The former Lagrangian
Here, there are two independent gauge parameter fields given by (n−1)-th rank tensor fields:
. The latter mixed-symmetric field satisfies the same relation
given in eq.(97). Note that the Lagrangian (104) is equivalent to the one given in the literature [13] . In the literature, the structure of the gauge fixed action in terms of BRST transformation has been also discussed. 
General mixed symmetric fields
We briefly comment on the structure of gauge invariant and gauge fixed actions for general mixed symmetric fields. 
Thus, in general, the rank of the lowest rank tensor fields included in the gauge fixed action is determined as n − 2l where l is the number of rows of the relevant Young diagram whose length is greater than or equal to 2. More precisely, for the diagram (m 1 , m 2 , · · · , m k ), l is determined by the condition m l ≥ 2 and m l+1 ≤ 1.
As for the gauge fixed action, the chain of (anti-)ghost fields are determined by the number of rows of the Young diagram as we have mentioned in the case of anti-symmetric tensor field B [µ 1 ···µn] or the mixed symmetric field B [µ 1 ···µ n−1 ],µn . Explicitly, the gauge fixed action for the diagram with k rows should contain up to k-th order (anti-)ghost fields.
Discussions
We have constructed both gauge invariant and gauge fixed free actions for extended string field theory based on extended state space which is made of n-copies of open string state space. The field theory possesses higher spin gauge fields in its massless spectrum.
Note that as we have seen in the previous section, compared to the tensionless limit of the open string theory, our extended theory enables us to derive the action for massless tensor fields of any symmetry in a relatively simple way. The resultant action has desirable properties such as (a) covariant, local and needs no extra constraints for the fields, (b) the physical spectrum is apparent and the no-ghost theorem is satisfied, (c) the gauge fixed action corresponding to various covariant gauges is derived automatically, and so on. The so-called 'triplet' action, or doublet action in our representation, has been almost unique concrete example for massless higher spin fields derived systematically from the tensionless limit of the open bosonic string field theory. This triplet action has inspired various analyses of higher spin field theory because of its simple but prominent structure [10, 11, 14, 15, 16, 17] . We thus naturally expect that the action for more general massless mixed symmetric fields gives additional outcome for the study of higher spin theory. For such a purpose, it is much easier to use our setup of extended string field theory. It would be interesting to proceed further to such direction and to discuss the relation with preceding works [11, 18, 19, 20, 21, 22, 23] .
Furthermore, though we have only dealt with the massless part of the action in detail, it is possible to discuss the structure of the gauge invariant and gauge fixed actions for general massive tensor fields within the framework of the extended string field theory if we fix D = 26. Structure of massive higher spin field theory is more complicated than the massless one since we in general have to include the Stückelberg-like fields to support the gauge invariance for the original fields. We may be able to well understand the structure of such Stückelberg-like fields in general by utilizing our theory where the action for general massive fields are simpler than the one appearing in open string field theory if we choose appropriate n.
We may also be able to extend the superstring field theory by assembling multiple copies of the theory at least for quadratic part of the action. If such an extension is accomplished, we expect that we can consistently construct the appropriate actions for general fermionic fields with half-integer spin.
Now our next step is to construct gauge invariant interaction terms. A natural guess for their form is simply a tensor-product of the open string cubic vertex and necessary modifications if any. For n = 2 case, free spectrum coincides with that of closed string, therefore if we properly follow the geometric picture of closed string world sheet, then we will eventually obtain non-polynomial interactions of closed string field theory so as to cover its moduli space [24, 25] . However, as for the other n, we do not have such an intuition on the moduli space of the amplitude a priori. Even for n = 2 case, if we do not assume world sheet picture, then only gauge invariance will be a hint. A building block is the open string vertex which is non-commutative but associative. However, known closed string vertices are non-associative and recovering them without worldsheet picture is quite nontrivial. So, conversely, seeking a geometric picture for generic n may be important. We hope to report on this issue elsewhere.
where |0, p (= e ipµx µ |0 M ) is the momentum eigenstate annihilated by α For the spacetime dimension D = 26, Q 2 = 0 is satisfied.
Appendix B Projection operators for the a-gauges
We give two types of projection operators defined on the space Fĝ =m n which are important in defining the a-gauges.
First operators are defined on the spacesFĝ =±m n with m ≥ 0 as
(B.8)
In particular, 1 − P 0 extracts the states satisfyingQ|f = 0. 
